HDL ratio (؊0.6 vs ؊0.2), and the predicted 8-year coroBackground. The Coronary Health Assessment Study nary risk (؊1.8 vs ؊0.3%).
INTRODUCTION trol group received their profiles only if the patient was clinically reevaluated during a 3-month follow-up
Coronary heart disease (CHD) is a major cause of visit. Patients' coronary risk factors were evaluated at death and disability in our society. Given the substanbaseline and at follow-up.
tial impact of CHD and the high prevalence of modifiResults. The profile group had a significantly higher able risk factors, both physicians and the general public (P Ͻ 0.05) ratio of high-risk/low-risk patients who re-receive a tremendous amount of health information surturned for a follow-up visit compared to the control rounding CHD prevention. Often this information regroup (1.23 vs 0.77). The patients in the profile group sults in conflicting messages, such that consensus also had significantly (P Ͻ 0.05) greater mean reduc-guidelines have been developed to support physicians' tions in total cholesterol (؊0.5 vs ؊0.1 mmol/L), LDL clinical decisions [1] [2] [3] . But even these expert recomcholesterol (؊0.4 vs 0.0 mmol/L), the total cholesterol/ mendations may be difficult to follow for busy office- risk when multiple risk factors are present [5] . Accordits. The study was initiated and analyzed by the investigators. The ingly, there remains substantial confusion among both computer risk model in this study is under copyright to Arcadie physicians and their patients that may explain, in part, Health Assessment Associates Inc., of which Dr. Grover is a partner the suboptimal public response to CHD prevention recand from which Dr. Joseph, Dr. Abrahamowicz and Mr. Levinton have received financial renumeration.
ommendations [6] [7] [8] . Among the possible solutions, ad-2 To whom correspondence and reprint requests should be advocates of cardiovascular disease prevention are recomdressed at the Centre for the Analysis of Cost-Effective Care, The mending that patient treatment in primary prevention a need to examine the feasibility of using a global risk control group. During the course of the study both physician groups received a monthly newsletter and had assessment approach in primary care practices.
Shared decision making between physicians and pa-access to a toll free number which they could call with any questions regarding the study or a specific patient's tients offers a second solution [12] . When dealing with multiple risk factors there are various treatments that risk profile. All services including the computerized risk profiles were provided free of charge but physicians may improve a patient's coronary risk. Informing patients about the potential benefits of treating specific were not specifically reimbursed for their participation in the study. risk factors and then allowing them to be involved in developing the treatment plan may improve treatment compliance and in turn enhance coronary risk reducPatient Enrollment tion. Shared decision making must also be systematically evaluated.
Physicians were invited to select patients from their The Coronary Health Assessment Study (CHAS) is practice to participate in the study. They were told to one of the first studies to determine the feasibility of enroll patients in whom they thought a risk profile using patient-specific, multifactorial computerized corwould be clinically useful. The only inclusion criteria onary risk profiles as a clinical decision aid to supwere that patients be between the ages of 30 and 74 port the primary prevention of CHD. The computeryears and that they be free of diagnosed cardiovascular generated risk profiles provide physicians with a visual disease. Low-risk patients were not specifically exteaching tool and allow them to demonstrate the potencluded so that physicians could learn to contrast betial for CHD risk reduction with various interventions tween low and high-risk patients in their practice. (i.e., smoking cessation, blood pressure reduction, choTo order a profile, the physician first described the lesterol reduction, etc.). This study examines the degree study to the patient and then obtained written informed to which family physicians are willing to adopt a new consent. The patient's current risk factor data were diagnostic tool into their busy clinical practice. It also entered on to a patient enrollment form by the physician examines the patient response to this new approach and or office staff. The patient then immediately completed provides a preliminary evaluation of its effectiveness in the remainder of the questionnaire outlining their attiterms of risk factor modification.
tudes and knowledge surrounding cardiovascular dis-
METHODS
ease prevention as well as an assessment of their current lifestyle and medical problems. This information Physician Recruitment was then mailed to the CHAS study center. The profile group of physicians received two copies Twenty-four urban and rural communities throughof the patient's coronary risk profile within 10 working out the provinces of Ontario and Quebec, Canada, were days. One copy of the profile became part of the patient's selected for physician recruitment. Community based medical record while the other copy was presented to family practitioners who were interested in cardiovasthe patient at a return visit (approximately 2 weeks cular disease prevention were targeted for study particfollowing initial visit) to take home after an appropriate ipation. Study sites were randomly allocated to a profile interpretation by the physician. Any patient could be group or a control group after blocking for urban status scheduled for a follow-up visit (left to the discretion of according to the presence or absence of a medical school the patient and physician) 3 to 6 months later. in the designated community. Randomization occurred During the follow-up visit a second questionnaire at the level of the meeting to keep the control group with the patient's new risk factor data was completed blinded. Twice as many sites were allocated to the proand mailed to the CHAS study center. A new risk profile file group to maximize physician and patient feedback was sent to the physician demonstrating any changes regarding the feasibility and usefulness of the risk in risk factor status as a result of trying to modify one profiles.
or more risk factors. With the help of medical representatives from Merck
For the control group of physicians, the coronary risk Frosst Canada, Inc., primary care physicians with busy profiles were returned to the physician only if the paadult practices were invited to attend a 1-h Continuing tient was clinically reevaluated at a follow-up visit folMedical Education (CME) meeting concerning cardiolowing a minimum 3-month delay. During the initial vascular risk assessment, after which interested physivisit, control physicians used their best clinical judgecians were invited to enroll in the study. Physicians in ment to identify the patients at high risk and recomboth arms of the study were told that this was a remend appropriate therapy. The control group was used search study to evaluate the feasibility of using computo evaluate the changes in coronary risk that occurred terized coronary risk profiles to help identify and treat among patients without the benefit of feedback from patients at high risk of coronary heart disease. Control group physicians were not told that they were in a the coronary risk profile.
The Coronary Risk Profile
samples of the binomial parameters for each group were obtained from the normalized likelihood functions. ApThe coronary risk profile is a one-page computer propriate combinations of these random variables were printout that displays a patient's estimated 8-year coro-then formed to estimate the confidence intervals for nary risk (the probability of developing coronary dis-relative risks and differences between relative risks. ease over the next 8 years) and the amount by which Independent t tests and the 2 test were used to comthis risk would be reduced if one or more risk factors pare continuous and categorical characteristics of conwere modified. These risk estimates are based on spe-trol group physicians and profile group physicians, cific risk factors including a patient's age, sex, total characteristics of physicians who enrolled patients vercholesterol, high density lipoprotein cholesterol (HDL-sus those who did not, as well as data between reas-C), smoking status, diastolic blood pressure, presence sessed and not reassessed patients in both arms of the of diabetes, and left ventricular hypertrophy. The esti-study. Analysis of covariance was used to compare mated risk is calculated using the previously published changes in specific risk factor values between the baseand validated CHD Prevention Model [13] , which incor-line and 3-month follow-up while adjusting for any sigporates multivariate regression equations from the nificant differences in baseline values between the Framingham Heart Study. Coronary risk calculations study arms. represent predicted outcomes based on 1,000 individuBecause we randomized physicians rather that paals with the same risk profile. The computer profile tients, we analyzed the data to account for the possible also provides the estimated "cardiovascular age" of each dependence of outcomes for patients nested within the patient based on the patient's chronological age, correct-same physician. Given the unequal number of patients ing for his/her calculated increased or decreased life per physician we relied on the unbalanced repeated expectancy compared to the Canadian average for indi-measures analysis of variance models [15] . In each viduals of the same age and sex.
model the patient's risk factor value at the follow-up Patients were classified as high or low risk based on visit was the dependent variable, while independent their 8-year coronary risk. It was decided a priori that variables included the initial value of this risk factor individuals in the upper tertile of risk compared to other treated as a within-physician covariate and physician's Canadians of the same age and sex (using a random randomization group considered a between-physician sample of 2,109 Canadians age 30-74 from the Canada grouping factor. The BMDP 5V program was used for Health Survey) were considered to be at high risk [14] . these analyses. The compound symmetry covariance All other individuals were classified as low risk.
structure and the significance of the covariates effects were assessed using the Wald test [16] .
Data Analysis

RESULTS
We hypothesized that receiving a risk profile shortly after the initial visit would encourage high-risk paFour hundred and forty-five physicians attended the tients to return for a 3-month follow-up while reassur-24 CME meetings. Two hundred and fifty-three physiing low-risk patients that such a follow-up was not neccians (57%) agreed to participate in CHAS, including essary. As control patients only received their profile 170 (57%) in the profile group and 83 (56%) in the at a follow-up visit after at least 3 months, the study control group (see Fig. 1 ). Randomization occurred at design encouraged a higher proportion of control pathe level of the meeting. However, because twice as tients to return for follow-up if only to receive their many sites were allocated to the profile group, nearly profile. Therefore, to determine the impact of the profile twice as many physicians were enrolled in this arm of results on patient/physician follow-up decisions, we the study. compared the likelihood of high-risk versus low-risk patients being seen at the 3-month follow-up in both Study Physicians arms of the study. The high-risk likelihood ratio was defined as the proportion of high-risk patients versus Physicians in the profile and control groups were similar on most characteristics with the following exceplow-risk patients who returned for a 3-month followup. The impact of the risk profile on the likelihood ratios tions. Profile physicians were more likely to be male, younger, more recently graduated, and saw fewer amwas calculated as the difference in the ratio between both arms of the study.
bulatory patients per week than the control group (Table 1). Only 129 (51%) physicians actually enrolled paConfidence intervals for all ratios were calculated by Monte Carlo simulations which provide more exact tients (97 profile and 32 control) underscoring the significant difficulties in achieving widespread adopintervals compared to approximate methods based on normal or log-normal densities. A large number of simu-tion of this new diagnostic aid. The significantly greater percentage (P ϭ 0.010) of profile physicians who enlations (25,000) were performed for each calculation, so that the Monte Carlo error was negligible. Random rolled patients (57%) compared to control physicians (39%) indicates that early feedback may enhance physi-who did not enroll any patients. Physicians who enrolled patients were significantly younger (45.9 Ϯ 9.7 cian participation in primary prevention clinical activities.
vs 50.5 Ϯ 10.8 years, P Ͻ 0.001), were more likely to be board certified (36.4% vs 17.1%, P ϭ 0.002), and The characteristics of physicians who enrolled at least one patient were compared to those of physicians were more likely to be part of a group practice (48.1% vs 31.7%, P ϭ 0.008). Among these physicians, the profile and control groups were similar with the exception However, the two physician groups did not reassess * Group difference, P Ͻ 0.05. similar percentages of patients at a follow-up visit.
pressure, resulting in a higher calculated 8-year coro- the study, we evaluated the possibility that these differences might be responsible for the observed results. When only physicians who actually enrolled patients Among the profile group, 202 of 782 patients (25.8%) were compared, the only significant difference noted were reassessed at the 3-month follow-up compared to was that they saw fewer weekly ambulatory patients 89 of 176 control patients (50.6%). This confirms that than the control group. After stratifying patients across the study design resulted in a higher proportion of low volume (Ͻ150 patients/week) and high volume follow-up visits in the control group so patients and (Ͻ150 patients/week) physicians, the profile group still physicians could receive the risk profile. Despite the demonstrated greater absolute coronary risk reductions higher follow-up rate in the control group, the likelihood compared to controls (i.e., Ϫ1.9% vs Ϫ0.7% for low volof physicians reassessing high-risk versus low-risk pa-ume physicians and Ϫ1.5% vs 0.2% for high volume tients was significantly greater in the profile group physicians). (Table 3) .
Among patients in the profile group, those who were Physicians reassessed were significantly (all P Ͻ 0.05) older, with a higher total cholesterol, low density lipoprotein choThis study demonstrates that coronary risk profiles can help physicians discriminate between high-and lesterol (LDL-C), body mass index, and systolic blood a High-risk patients are defined as those whose calculated 8-year coronary risk places then among the top tertile for their age and sex. Low risk includes all those in the lower two tertiles.
b The high-risk likelihood ratio is the proportion of high-risk patients versus low-risk patients who return for a follow-up risk assessment. a Mean (Ϯ SD) unless otherwise indicated. * Reassessed different from not reassessed, P Ͻ 0.05. ** Reassessed different from not reassessed, P Ͻ 0.01.
low-risk individuals and reduce the coronary risk fac-offered to self-selected groups [17] [18] [19] [20] . We tried to design the study to interfere as little as possible with tors of these patients. Unfortunately, the substantial nonparticipation rate of both profile and control physi-physician practice patterns. Given the absence of remuneration to physicians, participating in the study was cians weakens these results and illustrates the difficulties associated with introducing a new diagnostic aid a better reflection of what would happen in the "real world." While this improves the generalizability of into clinical practice.
With no material incentives other than CME credits, the study, it reduced the compliance with the study protocol. one might expect that only the more motivated physicians invested the extra time needed to actually use the The modest participation rate underscores the practical difficulties of teaching physicians to adopt new praccoronary risk profiles. This may explain why physicians who were profile users were more likely to be younger tice habits. We also note that the quicker feedback received by the profile physicians may improve physician and board certified. This percentage of participating physicians is not unusual for CME programs that are motivation since a significantly higher percentage of a Mean (Ϯ SD) unless otherwise indicated. b ANCOVA's were used to compare the two groups at follow-up while adjusting for any differences at baseline except for smokers where a two-sample test for equality of proportions was used.
the profile group ordered one or more profiles compared compared to the control group (62%) (P ϭ 0.003). Unfortunately, we were unable to identify any important "lifeto the control group (57% vs 39%). Decreasing the time commitment of the physicians by having other health style" determinants.
We cannot identify whether the profile or the extra care staff or the patient fill out the risk factor forms may be another way of increasing physician compliance. visit with the physician was responsible for the improvements in the profile group patients. However, the More research needs to be done to determine if this intervention could be offered without relying so heavily risk profile was directly responsible for the extra visit with the physician and probably increased the primary on physician time. With less time involvement, would more physicians use the risk profiles, and in turn would care focus on prevention. Study design limitations also do not allow us to differentiate between the actual benemore patients benefit?
Overall, a higher percentage of patients was reas-fit of the risk profile itself and the discussion with the physician that it stimulated. Nonetheless it appears sessed by the control physicians at a second visit. Since the control physicians did not receive risk profiles until that something constructive did take place between physicians and patients but additional work will be their patients were clinically reassessed, they may have been more motivated to schedule patients for return required to elucidate the details.
We left the decision of who returns for a second visit visits based only on physician judgement and patients wanting to know their coronary risk. Compared to low-up to the physician and patient. Although this weakens the randomized trial design of the study, it does more risk patients, a lower proportion of high-risk patients returned for follow-up, suggesting that the worried well closely reflect the reality of clinical practice. This study also documents the difficulties inherent in motivating may be more likely to participate in primary prevention programs while high-risk patients are less interested busy, community based physicians to incorporate a new tool into their already tight schedules. It is against in reducing their risk factors. Prompt risk assessment in the profile group appears to have modified this bias this backdrop that one should be encouraged by these preliminary results. and helped to target high-risk patients for follow-up while reassuring low-risk patients.
Patients who were exposed to the computerized coronary risk profiles improved their coronary risk signifiPatients cantly more than patients who were not. It is unclear from these results whether the patient improvements The overall improvement in coronary risk factors among the profile patients suggests that the risk pro-were due to the visual aspect of the profiles themselves, the discussion with the primary practitioner that they files may provide one tool to help patients improve their coronary risk. In this study, this improvement was due facilitated, or the fact that the profiles allowed patients to develop a greater role in their own health care by primarily to a decrease in LDL-C, which in turn decreased the total cholesterol, the total cholesterol/HDL-demonstrating the potential benefits associated with specific interventions. These results support the Ameri-C ratio, and hence the calculated 8-year coronary risk and cardiovascular age. All changes in risk factors were can Heart Association recommendations that coronary risk assessment can stimulate physician-patient disadjusted for differences at baseline to account for changes due to regression to the mean. These results cussions concerning the prevention of heart disease [9] .
They also confirm the need for further evaluation to are similar to another published community intervention study where CHD risk education was associated document increased physician and patient knowledge, enhanced communication, and better clinical care. with a decrease in total cholesterol and CHD risk score (compared to no intervention) but not blood pressure, that were observed in our study are even more remarklesterol level to prevent coronary heart disease. Can Med Assoc able since our control group was also advised by physi-J 1993;148:521-38.
cians whose awareness of coronary prevention was en- cuss their coronary risk with family or friends (79%)
